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James O’Malley, PhD,c and Bruce Landon, MD,c Boston, Mass; and Baltimore, Md
Objectives: This study assessed trends in open and endovascular repair (EVAR) of intact and ruptured abdominal aortic
aneurysm (AAA) in the Medicare population and evaluated recent trends in AAA repair at vascular fellowship training
programs.
Methods: We identified all Medicare beneficiaries with a diagnosis of AAA who underwent repair or had a primary
diagnosis of rupture (1995-2008). Cohorts were compared by type of repair (open vs EVAR) and presentation (intact vs
ruptured AAA). Demographics of age, sex, and race were evaluated. We used unique hospital identifier codes to compare
trends and 30-day mortality between hospitals that participate in vascular surgery fellowship training and those that do
not. American Council on Graduate Medical Education data, only available for the years 1999 to 2008, were further used
to better understand the changes in number of EVAR and open repairs of AAA performed each year for vascular fellows
and general surgery residents, over time.
Results: We identified 449,122 patients (76% men), with 376,355 intact AAAs (84%) and 72,767 ruptured AAAs (16%).
Mean age was 75.1 years. Use of EVAR for intact AAA rose to from 35% in 2001 to 63% in 2005 and comprised 78% of
repairs by 2008. During the same period, the number of ruptured AAAs decreased by 40% overall, with nonoperative
ruptured AAAs decreasing by 29% and EVAR increasing to 31% of rupture repairs. Hospitals training vascular fellows
were quicker to adopt EVAR (2-year lag time) for intact AAA and had higher rates of EVAR for ruptured AAA (41.1%
vs 29.2%; P .001) than did hospitals without fellows. Mortality rates for open repairs of intact (4.0% vs 5.0%; P .01)
and ruptured AAA (34.1% vs 41.0%; P  .031) were lower at fellowship hospitals. The average number of open AAA
repairs performed by vascular fellows dropped 50% (44.1 to 21.6/year) from 1999 to 2008.
Conclusions: Contrary to the expectation of a plateau, use of EVAR for intact AAA continues to rise at fellowship and
nonfellowship hospitals. Use of EVAR for rupture is being used more often at fellowship programs. The decline in open
repairs performed by vascular fellows, and at fellowship and non-fellowship hospitals, may have important implications
for future attending experience. ( J Vasc Surg 2011;54:881-8.)
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iSince its advent in 1991,1 endovascular aortic aneurysm
repair (EVAR) has become a mainstay of treatment for
abdominal aortic aneurysm (AAA) requiring operative inter-
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doi:10.1016/j.jvs.2011.03.008ention.2-4 Previous studies, such as the Comparison of En-
ovascular Aneurysm Repair with Open Repair in Patients
ithAbdominalAorticAneurysm (EVAR1) trial, have shown
ts effectiveness in reducing perioperative mortality,3,5,6 and
his difference is even more pronounced in older patients.7,8
till, for patients deemed unsuitable for open repair (EVAR
rial 2), perioperative mortality with EVAR was nearly 9%,
emonstrating that utility of EVAR has a limit.9
Recent national data national data show that the per-
entage of AAA repairs being performed via EVAR has
ncreased dramatically over time.2-4,6 As recently as 2001,
ver two-thirds of AAA repairs were performed using open
epair.10 Since that time, the number of open repairs has
ecreased by 61%.2,4 Previous research shows that out-
omes of open repair are strongly related to surgeon and
nstitutional volume.11-13 Therefore, the effect of the de-
rease in open repairs on trainee experience has been of
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September 2011882 Sachs et algrowing interest and concern during the past decade. Be-
tween 2001 and 2007, the number of open aortic aneurysm
procedures performed per vascular trainee decreased by
almost 22%, whereas general surgery residents experienced
a decrease in all operative aneurysms—endovascular and
open repairs—between 1997 and 2006.14 The ability of
future vascular surgeons to safely and effectively perform
open aneurysm repairs is, therefore, of genuine concern.
To better understand these trends, we used data from
the Medicare program, which pays for 70% of U.S. AAA
repairs, and data on trainee procedure volume, to describe
current trends in AAA repair for intact and ruptured aneu-
rysms and to further elucidate the potential effects on both
future resident and fellow training and attending experi-
ence.
METHODS
Patient identification. We used comprehensive data
from the Medicare program to identify all AAA repairs or
rupture that occurred during the time period 1995 to
2008. Cases included open and endovascular repair, as well
as intact and ruptured aneurysms. Using International
Classification of Diseases, 9th Revision, Clinical Modifica-
tion (ICD-9-CM) diagnosis and procedure codes, we iden-
tified all Medicare beneficiaries with Part A coverage at
admission, who were aged 65 years.
These patients were then stratified by diagnosis code
441.4 (abdominal aneurysm without mention of rupture)
for intact AAA or code 441.3 (abdominal aneurysm, rup-
tured) for ruptured AAA. These groups were further cate-
gorized as those who underwent open repair by code 38.44
(resection of abdominal aorta with replacement) or 39.25
(aortoiliac–femoral bypass) or endovascular repair by code
39.71 (endovascular implantation of graft) of their AAA.
The code identifying endovascular repair was introduced in
October 2000. For prior years, the code 39.90 (insertion of
non-drug-eluting peripheral vessel stent) combined with a
principal diagnosis code of AAA as the reason for admis-
sion, was used to identify patients undergoing endovascular
repair of AAA. Patients with the ICD-9 diagnosis code of
ruptured AAA (441.3), but who did not have an associated
procedure code, were identified as not having undergone
repair of their ruptured AAA. We next categorized patients
into four groups: (1) AAA alone, (2) AAA with thoracic
involvement, (3) AAA site unspecified, and (4) AAA with
visceral involvement.
We further defined those with a concomitant diagnosis
of aortic dissection based on diagnosis codes 441.00 to
441.03 (dissection of aorta: unspecified, thoracic, abdom-
inal, thoracoabdominal) or procedure code 39.54 (fenes-
tration of dissecting aneurysm of thoracic aorta).
Aneurysm involvement of the thoracic aorta was de-
fined based on diagnosis codes 441.1 (thoracic aneurysm,
ruptured) or 441.6 (thoracoabdominal aneurysm, rup-
tured) for ruptured aneurysm, or codes 441.2 (thoracic
aneurysm without mention of rupture) or 441.7 (thoraco-
abdominal aneurysm, without mention of rupture) for Cntact aneurysm, or by procedure codes 38.45 (resection of
horacic vessel with replacement) or 39.73 (endovascular
mplantation of graft in thoracic aorta) for repair of the
horacic aorta.
The AAA site unspecified group was identified as those
ithout dissection or thoracoabdominal codes as above,
nd then further separated as ruptured by code 441.5
aortic aneurysm of unspecified site, ruptured) or intact by
ode 441.9 (aortic aneurysm of unspecified site without
ention of rupture).
Finally, the visceral group was identified as those who
ad the code 38.46 (resection of vessel with replacement of
bdominal arteries: celiac, gastric, hepatic, iliac, mesenteric,
enal, splenic, umbilical, excluding the abdominal aorta) or
ode 38.16 (endarterectomy of abdominal arteries: celiac,
astric, hepatic, iliac, mesenteric, renal, splenic, umbilical,
xcluding the abdominal aorta).
Those patients who did not have any of the subgroup
lassifications—aortic dissection, AAA with thoracic in-
olvement, AAA site unspecified, and AAA with visceral
nvolvement—were identified as strictly AAA, ruptured or
ntact, and were the primary population of study.
Patient characteristics. Beneficiary demographic char-
cteristics were obtained from the Medicare Provider Anal-
sis and Review (MedPAR) files and included age, sex, and
ace (white, black, or other).
Identifying fellowship hospitals. Using data avail-
ble from the American Council on Graduate Medical
ducation (ACGME), we identified all vascular surgery
ellowship programs in the United States. We then exam-
ned data available from each fellowship program to identify
ospitals that participated in the operative training of vas-
ular fellows and linked our data using unique hospital
dentifiers available through Centers for Medicare and
edicaid Services (CMS). We then identified patients who
ere treated at hospitals that participated in vascular sur-
ery fellowship programs. Veterans Affairs hospitals are not
ncluded in CMS data.
Trainee procedure volume. We identified the num-
er of procedures done per year by vascular fellows and
eneral surgery residents for all years available through the
CGME (1999 to 2008). Data regarding these resident
nd fellow case logs were obtained directly from the
CGME.15 We focused on the following measures, which
ere available consistently during the 10-year period: mean
AA procedures per year, total numbers of AAA proce-
ures per year, as well as the total number of residents,
ellows, and ACGME-accredited residency and fellowship
rograms per year.
Outcomes. Perioperative mortality was compared be-
ween fellowship and nonfellowship programs, and was
efined as in-hospital death or death 30 days of the
rocedure. Date of death was identified from the MedPAR
les.
Statistical analysis. Our data are largely descriptive.
e used 2 analysis for comparisons between categoric
ariables, and significance was established at P  .05.
ontinuous variables were analyzed using the t test or
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Volume 54, Number 3 Sachs et al 883Wilcoxon rank sum test, depending on the normality of the
distribution. Time trends were analyzed using a 2 test of
trend, and significance was achieved at P  .01. All statis-
tical analyses were performed using SAS 9.2 software (SAS
Institute, Cary, NC).
RESULTS
We identified 502,316 Medicare beneficiaries from
1995 to 2008 who underwent repair of an aortic aneurysm,
of which 449,122 (89.4%) were strictly AAA repairs (Table
I). The annual number of patients with an AAA-related
repair increased from 30,658 to 36,459 (18.9%) during the
the 14-year period. For patients identified as strictly AAA,
there were 376,355 intact AAAs (84%) and 72,767 rup-
tured AAAs (16%).
AAA patients. Mean age for patients undergoing
AAA repair alone was 75.1 years, and 76% were male (Table
II). Patients with ruptured AAA who did not undergo an
operation were older (80.2 years) than those undergoing
intact repairs (open, 74.1 years; EVAR, 75.7 years) and
rupture repairs (open, 75.9 years; EVAR, 77.1 years), and a
greater proportion of nonoperative ruptures were in
women (37.6% vs 24%; P  .01). Race was predominantly
white for all groups.
The use of EVAR for intact AAA rose from 0 in 1995 to
25,192 (78% of repairs) by 2008 (Fig 1). At the same time,
open repairs decreased from 23,968 to 7190 cases, repre-
senting a 70.1% decrease in volume of repairs. A greater
proportion of EVAR patients were men (80.1% vs 74.8%;
P  .03). Over time the percentage of men in the open
repair group dropped, from 76.6% in 1995 to 69.7% in
2008. For EVAR, the percentage of patients undergoing
repair who were male increased from 73.1% in 1996 to
79.8% in 2008, reaching a peak of 81.9% in 2000. There
was no significant difference between patients undergoing
open repair or EVAR in age at time of operation or for race,
Table I. Number of patients undergoing abdominal aortic
1995-2008
Year
Code for AAA only Code for AA
Intact Ruptured Dissection
1995 23,968 6690 193
1996 24,212 6563 208
1997 25,674 6598 225
1998 24,803 6030 198
1999 23,521 5584 230
2000 22,759 5216 236
2001 27,574 5211 231
2002 27,269 5141 233
2003 26,125 4787 284
2004 27,921 4465 266
2005 28,613 4314 264
2006 29,466 4012 283
2007 32,068 4079 297
2008 32,382 4077 341
Total 376,355 72,767 3489
TAA, Thoracoabdominal aneurysm.either aggregate or over time. sRuptures, both operative and nonoperative, decreased
uring the 14-year periodby40% (6690 to4077;P .01; Fig
). In total, 68.5% of ruptured AAAs were repaired, with a
ecrease over time from 70.3% in 1995 to 65.6% in 2008.
uptures undergoing open repair decreased from 4700 to
839 (69% of those undergoing repair), whereas those under-
oing EVAR grew from 0 to 834 (31% of those undergoing
epair). Nonoperative ruptures dropped from 1990 to 1404,
nd their proportion of total ruptures rose from 29.7% (n 
690 total ruptures) to 34.4% (n 4077 total ruptures).
Repairs performed at fellowship vs nonfellowship
ospitals. Between 1995 and 2008, 14% of total AAA
epairs (14.5% of intact AAA, 10% of ruptured AAA) were
erformed at fellowship hospitals. Fellowship hospitals ad-
pted EVAR for intact AAA repair more quickly than
onfellowship hospitals, achieving 50% EVAR for intact
epairs more than 2 years before nonfellowship hospitals
Fig 3). By 2008, however, the percentage of repairs using
VAR was similar between groups. A greater proportion of
uptured AAAs were repaired using EVAR at fellowship
ospitals in 2008 compared with nonfellowship hospitals
41.1% vs 29.2%; P  .001).
During the 14-year period, the aggregate mortality
ate for intact AAA repair was significantly lower for
ellowship hospitals for open repair (4.0% vs 5.0%; P 
01) but not for EVAR (1.6% vs 1.6%; P  .87). Mortal-
ty for EVAR decreased for both fellowship and nonfel-
owship hospitals over time (Fig 4). Mortality for open
upture repairs (35.6% vs 44.6%; P  .03) and EVAR
upture repairs (23.3% vs 33.6%; P  .02) were both
ignificantly lower in fellowship hospitals.
Trainee volume: 1999 to 2008 (ACGME). The
umber of vascular fellows accepted to fellowship each
ear increased from 97 in 1999 to 116 in 2008. Similarly,
he number of fellowship programs increased from 83 to
0 during the same period. The number of general
urysm (AAA) repair in the Medicare population per year:
d
Visceral bypass Unspecified TotalAA
302 1161 2327 35,641
420 921 2442 35,766
261 481 2373 36,612
270 378 2189 34,868
260 381 1915 32,891
240 381 1850 31,682
373 347 1727 36,463
455 351 1618 36,067
483 332 1386 34,397
597 348 1258 35,855
672 347 1059 36,269
609 378 850 36,598
752 409 849 39,454
837 364 752 39,753
,531 6579 22,595 502,316ane
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surgery residents increased from 989 to 1044. The aver-
age number of open aortic aneurysm repairs performed
by vascular fellows between 1999 and 2008 decreased by
50%, from 44.1  30 (73% elective infrarenal, 9%
ruptured infrarenal, 18% suprarenal) to 21.6  16 (66%,
18%, 16%, respectively). During the same period, the
average number of EVAR by vascular fellows increased
almost threefold, from 16.9  16 repairs to 46.2  21
repairs, reaching a peak of 50.5 31 repairs in 2006 (Fig
5, A). General surgery residents in their chief year per-
formed an average of 1.4 1.3 open aneurysm repairs in
2008, down from 5.1  5 in 1999. In 2008, chief
residents averaged 1.5  3 EVARs (Fig 5, B).
DISCUSSION
Despite the expectation of a plateau,16,17 the number
of AAAs being repaired with EVAR continues to rise. In
2008, 78% of AAAs in the Medicare population were
Table II. Characteristics of Medicare patients undergoing
Demographics
Age
N Mean age
All patients 449,122 75.1
Non-op rupture 22,939 80.2
Group
Open EVA
N Mean age n
Intact AAA repair 232,349 74.1 144,006
Operative rupture 46,269 75.9 3559
Subgroups
Dissection 3327 73.8 162
Thoracoabdominal 19,969 73.8 562
Visceral bypass 4084 74.1 2495
Unspecified 21,948 74.1 647
Demographics
White
n % P
All patients 421,879 93.9% .5
Non-op rupture 21,213 92.5%
Group
Open EVAR
n % n %
Intact AAA repair 219,110 94.3 135,074 93.8 .65
Operative rupture 43,274 93.5 3196 89.8 .12
Subgroups
Dissection 2300 88.6 771 86.4 .11
Thoracoabdominal 14,692 89.8 3661 87.8 .09
Visceral bypass 3631 88.9 2305 92.4 .07
Unspecified 20,220 92.1 590 91.2 .91
EVAR, Endovascular aneurysm repairrepaired with EVAR. Moreover, nearly one-third of rup- aured AAAs were repaired with EVAR. Although hospitals
dentified as those that train vascular fellows were quicker to
dopt EVAR, hospitals without fellows—likely in the com-
unity setting—have similarly adopted EVAR as the stan-
ard of care for most elective AAA repairs. As a conse-
uence, the number of open repairs performed by vascular
urgery fellows and, in particular, general surgery residents,
as fallen dramatically. The mortality rates for ruptured
AA have also decreased at both fellowship and nonfellow-
hip hospitals, while at the same time the number of rup-
ured AAAs has decreased.
Hospitals identified as training vascular fellows were
arlier to adopt EVAR for both intact and ruptured AAA.
hese hospitals also show improved mortality rates for
pen AAA repair, intact and ruptured, as we might expect
ith high-volume centers.7 EVAR has become the stan-
ard adopted for elective repair of AAA in fellowship train-
ng hospitals as well as in those without fellows, and the
ortality rates of EVAR for intact and ruptured aneurysms
minal aortic aneurysm (AAA) repair: 1995-2008
Male sex
P n % P
.01 341,457 76.0 .01
14,319 62.4
Open EVAR
age n % n %
.7 .24 173,814 74.8 115,292 80.1 .03
.1 .12 35,422 76.6 2695 75.7 .07
.9 .65 1813 69.8 616 69.0 .67
.1 .08 9993 61.1 2633 63.2 .41
.8 .56 3517 86.1 2268 90.9 .05
.9 .53 19,104 87.0 545 84.2 .09
Black Other race
n % P n % P
0,442 2.3 .1 7305 1.6% .1
1071 4.7% 622 2.7%
pen EVAR Open EVAR
% n % n % n %
4 3.2 4977 3.5 .75 5749 2.5 3926 2.7% .81
2 3.9 252 7.1 .07 1056 2.3 117 3.3% .39
9 7.7 71 8.0 .65 99 3.8 49 5.5% .48
9 6.5 317 7.6 .08 593 3.6 188 4.5% .51
6 5.5 107 4.3 .25 146 3.6 80 3.2% .45
8 5.0 35 5.5 .62 768 3.5 22 3.4% .79abdo
R
Mean
75
77
74
76
73
73
Race
1
O
N
750
181
19
105
22
109re similar at both types of hospital.
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Volume 54, Number 3 Sachs et al 885Most vascular fellows are performing fewer open AAA
repairs with each successive year, raising important con-
cerns that many may not possess the foundation necessary
to effectively perform an open AAA repair when they com-
plete their fellowship. Furthermore, it has been shown that
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techniques and nonrepaired AAA in the Medicare populmost vascular surgery fellows expect to practice at least sartially in an academic center.18 Therefore, this decrease in
xposure to open aortic procedures, while important for
cademic centers, has an even greater impact for the rural
nd community centers where vascular procedures are of-
en performed by general surgeons. The ACGME data
32382
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(EVAR) techniques in theMedicare population in fellowship and nonfellowship hospitals is shown from 1995 to 2008.Fig 4. Mortality rates of intact abdominal aortic aneurysm (AAA) repairs performed using endovascular (EVAR) and
open techniques in the Medicare population, in fellowship and nonfellowship hospitals, are shown for 1995 to 2008.
The percentages represent 2008 mortality rates.
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Volume 54, Number 3 Sachs et al 887quately trained to perform AAA repair after graduation,
having performed, on average, just one to two open AAA
repairs per year.
As has been shown in the literature, large-volume
centers demonstrate superior outcomes for ruptured and
elective AAA repair.7,12 Most of these ruptured AAA
repairs are still being performed with an open technique.
Yet, if the trends we see in Fig 5 continue, EVAR will
likely become even more common in nonfellowship and
community hospitals, and open repairs will be more
Fig 5. A, Average number of abdominal aortic aneurys
open techniques by vascular fellows by American Coun
shown for 1999 to 2008. B, Average number of AAA re
ACGME reporting is shown for 1999 to 2008.commonly performed in large training hospitals. This illustrates the importance of early diagnosis of ruptured
AA and prompt transfer to an appropriate facility for
perative management for these patients, where they
ave the best chance of survival.19,20
Our study has certain limitations. The inability to spe-
ifically quantify or distinguish the complexity of present-
ng symptoms or the individual patient anatomic variations,
an lead to considerable selection bias. Rödel et al21
howed that even highly trained endovascular surgeons
emonstrate substantial variability in their estimation of
AA) repairs performed using endovascular (EVAR) and
Graduate Medical Education (ACGME) reporting are
(open and EVAR) by general surgery chief residents bym (A
cil of
pairsndividual patient suitability for EVAR. Furthermore, our
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September 2011888 Sachs et aldistinction of hospitals as either fellowship or nonfellow-
ship does not incorporate VA hospitals, where many
fellows undergo a portion of their training. However, it
is unlikely that this would bias our data substantially
because VA patients are excluded from both groups.
Finally, the use of ACGME data precludes further anal-
ysis beyond what is provided in their database and these
data could be linked to specific surgical procedures to
examine outcomes of care.
CONCLUSIONS
Use of EVAR continues to increase for both elective
and ruptured AAA. Mortality for intact AAAs repaired with
EVAR is lower than with open repair at both fellowship and
nonfellowship hospitals. EVAR is being used for ruptured
AAA at higher rates in hospitals with fellowship training. At
the same time, fellowship hospitals demonstrate lowermor-
tality rates with open AAA repair and EVAR than nonfel-
lowship hospitals. General surgery residents are inade-
quately trained to perform aortic repairs upon graduation.
At the same time, vascular fellows performed 50% fewer
open aortic repairs in 2009 than in 1999, which may have a
far-reaching impact on their future ability to perform these
operations safely and effectively.
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